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(57) ABSTRACT

In a method of controlling a hydraulic vehicle brake system
with active hydraulic brake force boosting, wherein the driver
can introduce brake pressure into a master brake cylinder with
an actuating device, wherein the pressure introduced by the
driver 1s boosted by an active hydraulic pressure increasing
unit, a braking request or a suspected braking request of the
driver 1s determined and, when a braking request or a sus-
pected braking request of the driver 1s detected, a separating
valve that 1s arranged 1n a line connecting the master brake
cylinder and the hydraulic pressure increasing unit 1s opened

or remains open and the pressure increasing unit 1s actuated
for pressure generation purposes.

10 Claims, 1 Drawing Sheet
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VEHICLE BRAKING SYSTEM WITH ACTIVE
HYDRAULIC BRAKE FORCE ASSISTANCE
AND CONTROL METHOD FOR THE SAME

TECHNICAL FIELD

The present invention relates to a method of controlling a
hydraulic vehicle brake system with an active hydraulic brake
force boosting, wherein the driver can introduce brake pres-
sure 1nto a master brake cylinder by means of an actuating
device, preferably a brake pedal, and wherein the pressure
introduced by the driver 1s boosted by means of an active
hydraulic pressure increasing unit, in particular a hydraulic
pump.

The invention likewise relates to a hydraulic brake system
for vehicles including a master brake cylinder operable by
means of an actuating device, preferably a brake pedal, and
including at least one pump, the pressure of which can be
applied to at least one wheel brake of the vehicle for the
purpose of producing hydraulic brake force boosting, which
pump 1s adapted to be connected on the inlet side (suction
side) to the master brake cylinder by way of at least one
hydraulic conduit into which a change-over valve 1s inserted,
while the pump 1s adapted to be connected on the outlet side
(pressure side) to at least one wheel brake of the vehicle by
way of at least one hydraulic conduit and to the master brake
cylinder by way of at least one hydraulic conduit into which
a separating valve 1s 1nserted.

BACKGROUND OF THE INVENTION

Vacuum brake boosters require a vacuum supply from the
engine 1n order to assist the pedal force to be generated by the
driver. Currently, a suilicient vacuum supply for brake force
assistance becomes more rare at an increasing rate 1 new
engine technology such as gasoline direct injection engines or
Diesel engines. Additional auxiliary energy becomes neces-
sary to assist the driver 1n braking. In determined systems, the
driver’s force 1s converted into hydraulic pressure by means
ol a vacuum brake booster and a tandem master brake cylin-
der (TMC), said hydraulic pressure being measured by pres-
sure sensors at the outlet of the tandem master brake cylinder.
One possibility of the additional brake force assistance 1s
realized in brake systems with active hydraulic brake force
assistance in that additional hydraulic pressure 1s produced by
means of a pressure mcreasing unit.

Due to mertias and clearances 1n the system and due to the
limited capacity of the pump, 1t 1s problematic in this pressure
development to achueve a uniform pressure buildup with a
desired characteristic curve.

BRIEF SUMMARY OF THE INVENTION

An object of the invention 1s to improve and further develop
a method and a brake system of the type referred to herein-
above 1n such a fashion that 1ts shortcomings are avoided. The
objective 1s 1n particular to design the brake system and the
method 1n such a fashion that the brake pressure buildup 1s
improved at the beginning of a braking operation.

This object 1s achieved by the features of the independent
patent claims.

In a method of the above-mentioned type, the mvention
according to claim 1 arranges that a braking request or a
suspected braking request of the driver 1s determined and,
when a braking request or a suspected braking request of the
driver 1s detected, a separating valve that i1s arranged 1n a line
connecting the master brake cylinder and the hydraulic pres-
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sure mncreasing unit 1s opened or remains open and the pres-
sure icreasing unit 1s actuated for pressure generation pur-
poses.

In a method of this type with ‘active” hydraulic brake force
boosting, at least part of the brake assistance can be produced
actively by means of the pressure increasing unit. According
to the 1nvention, however, the pressure increasing unit in the
wheel brakes 1s actuated for active brake force boosting
already after a braking request or a suspected braking request
of the driver 1s detected. Advantageously, 1t 1s thus possible 1n
a case ol need to realize a considerably quicker pressure rise
in the system and, hence, increase the efficiency of the overall
system. This 1s because the pump has already started up when
subsequently the driver depresses the brake pedal further.

Preferably a pump provided in the brake system, 1n par-
ticular a hydraulic pump already provided 1n brake systems
with an anti-lock system (ABS) or driving dynamics control
(ESP system), 1s used for active brake force boosting. There-
fore, the advantages of the invention can be realized without
entailing higher expenditure in components. Another advan-
tage lies 1n the fact that brake force boosting 1s principally
freely adjustable by way of a corresponding actuation of the
pump and the separating valve.

Any type of pump can be used as a pump that has a suifi-
ciently high capacity to supply a defined volume of the pres-
sure fluid fast enough 1nto the wheel brakes. Preferably, pis-
ton pumps are employed. Piston pumps are less expensive
than gear pumps and advantageous 1n terms of wear.

When pressure 1s built up by actuating the pump and with
the separating valve opened, advantageously, a possibly
existing change-over valve between the inlet side of the pump
and the master brake cylinder 1s opened to allow the aspiration
of pressure tluid through or out of the master brake cylinder
and supply thereot through the pump 1nto the wheel brakes.

It 1s provided by the invention that after the actuation of the
pressure 1ncreasing unit, a dynamic pressure 1s produced
upstream of the separating valve and at least clearances 1n the
system are overcome and brake limings are applied to brake
drums or brake discs, respectively. This means that pre-filling
of the wheel brakes and application of the brake linings by
means of the pressure generated by the motor 1s arranged for,
with the separating valve open. According to the invention,
the pressure develops due to a dynamic pressure in the system
during pressure buildup by way of the pump. Due to the brake
linings applied, the dynamics and more particularly the
response behavior of the brake system of the invention 1n the
low-pressurerange 1s enhanced. The system also offers a high
pedal comiort of the brake pedal because pressure buildup 1s
adjustable 1n conformity with a desired characteristic curve.
Besides, it 1s additionally possible to generate a very low
brake pressure of a few bar, preferably 1 to 2 bar, though, in
particular when a suspected emergency braking situation 1s
detected.

It 1s arranged for according to the invention that the sepa-
rating valve remains open at least so long until 1t 1s found out
that the driver has nitiated the braking operation.

According to the invention, the mitiation of the braking
operation by the driver 1s detected when the driver touches the
brake pedal, applies a defined force to the brake pedal, and/or
it 1s detected that the brake pedal covers a defined distance
from 1ts mactive or initial position 1n the actuating direction.

It 1s arranged for according to the invention that the sepa-
rating valve remains open for a predetermined time period.

It 1s arranged for according to the ivention that the time
period of the opening of the separating valve 1s variably
adjusted 1n accordance with the brake pedal travel, the brake
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pedal speed, the brake pedal acceleration, and/or the pressure
gradient at the tandem master cylinder.

It1s arranged for according to the invention that the braking
request of the driver 1s determined on the basis of a movement
of the driver’s foot before the braking operation.

It 1s provided by the mvention that the braking request of
the driver 1s determined on the basis of an accelerator pedal
movement such as the accelerator pedal travel, accelerator
pedal return speed, and/or accelerator pedal return accelera-
tion, before the braking operation.

It 15 also provided according to the invention that the brak-
ing request of the driver 1s determined on the basis of the
movement of the driver’s foot when changing from the accel-
erator pedal to the brake pedal.

It 1s provided by the invention that the separating valve 1s a
hydraulic valve, preferably an analogized valve. Correspond-
ing actuation induces said valve to also adopt intermediate
positions between a (1ully) open position and a (1ully) closed
position and thus adjust a defined pressure gradient between
the two sides of the valve at least in approximation.

Additional valve functions are further provided. This
means that the valves can be configured as NO-valves open in
their non-energized condition or NC-valves closed 1n their
non-energized condition. Upon malfunction of the electric
voltage supply of the system or a disturbance of electronic
brake control, 1t 1s thus possible that the hydraulic connection
between the pressure fluid supply reservoir and the pump 1s
closed by an NC-valve and the hydraulic connection between
the master cylinder and the wheel brakes 1s opened by means
of an NO-valve, with the result that braking 1s reliably
ensured at least by means of the driver’s pedal force boosted
by a vacuum brake booster, as the case may be.

The method 1s preferably part of a program of an electronic
brake control unit for the vehicle brake system.

This object 1s further achieved by means of a generic brake
system characterized 1n that a detection means 1s provided 1n
order to detect a braking request of the driver or determine a
suspected braking request of the driver, and 1n that an elec-
tronic evaluating unit for actuating the pump and the separat-
ing valve 1s provided which actuates the separating valve 1n
order to open the connection to the pump and actuates the
pump 1n order to generate hydraulic pressure when the brak-
ing request of the driver 1s detected or a suspected braking
request of the driver 1s determined.

It 1s provided by the ivention that the pressure side of the
pump 1s connected to the wheel brake by way of a hydraulic
conduit into which an inlet valve 1s 1nserted, the wheel brake
of the vehicle 1s connected to the master brake cylinder by
way ol a hydraulic conduit into which an outlet valve 1s
inserted, and that a pressure sensor 1s associated with the
master brake cylinder and a wheel speed sensor 1s associated
with the vehicle wheels.

BRIEF DESCRIPTION OF THE DRAWINGS

The FIGURE shows a device of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The dual-circuit brake system for motor vehicles shown in
the FIGURE comprises an actuating unit 1, ¢.g. a tandem
master brake cylinder (1MC) with a vacuum brake booster 2
actuated by a brake pedal 3. Arranged on the actuating unit 1
1s a supply reservoir 4 containing a pressure fluid volume and
being connected to the working chamber of the actuating unit
in the brake’s release position. The one brake circuit 1llus-
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4

trated includes a brake line 5 connected to a working chamber
of the actuating unit 1 and providing a connection between the
actuating umt 1 and the one hydraulic unit 22. Brake line 5
includes a separating valve 6 forming an open passage for the
brake line 5 1n the mactive position. Connected in parallel to
the separating valve 6 1s a non-return valve 7 that opens 1n the
direction of the wheel brakes 10, 11 and a pressure limiting
valve 25. Said separating valve 1s also used herein as a pres-
sure modulation unit. The separating valve 6 1s usually actu-
ated electromagnetically. Preferably, the separating valve 1s
an analogized valve. In particular, this design renders possible
a continuous ‘analog’ adjustment of the pressure or of a
pressure reduction, respectively.

The brake line 5 branches into two brake lines 8, 9 respec-
tively leading to a wheel brake 10, 11. Each of the brake lines
8, 9 contains an electromagnetically operable inlet valve 12,
19, which 1s open 1n its 1nactive position and can be switched
into a closed position by energization of the actuating magnet.
Connected 1n parallel to each inlet valve 12,19 1s a non-return
valve 13 opening 1n the direction of the brake cylinder 1.
Connected 1n parallel to these wheel brake circuits 1s a so-
called return delivery circuit that comprises return lines 15,
32, 33 withapump 16. By way of each one outlet valve 14, 17
through return lines 32, 33, the wheel brakes 10, 11 are
connected to the return line 15 and, thus, to the suction side of
the pump 16 whose pressure side 1s connected to the brake
pressure line 8 1n a mouth E between the separating valve 6
and the inlet valves 12, 19.

The pump 16 1s preferably designed as a reciprocating
piston pump with a pressure valve (not shown) and a suction
valve. Pump 16 1s used herein as a pressure increasing unit for
generating the additional hydraulic brake force boosting. A
low-pressure accumulator 20, comprised of a housing (not
shown) with a spring and a piston, 1s arranged on the suction
side of pump 16. A non-return valve 34 opening to the pump
1s iserted into the connection between the low-pressure
accumulator 20 and the pump 16. The suction side of the
pump 16 1s connected to the brake cylinder 1 by way of a
suction line 30 with a low-pressure damper 18 and a change-
over valve 31. Further, the brake force transmitting circuit
includes a pressure sensor 40 that 1s arranged 1n the brake line
5 between the brake cylinder 1 or change-over valve 31 and
the separating valve 6. The brake cylinder pressure 1s detected
and the mtroduced brake pressure determined by way of the
pressure sensor 40. The wheel speeds are determined by the
wheel rotational speed sensors 50, 51, and the signals are sent
to an electronic brake control unit 32. Associated with the
clectronic control unit 52 1s an evaluating unit 53 for actuating
the pump 16 and the separating valve 6 according to a driver’s
request detection unit 54. The detection unit 54 detects a
braking request of the driver or a suspected braking request of
the driver. When the detection unit 54 detects a braking
reauest of the driver or a suspected braking reauest of the
driver, the evaluating unit 53 actuates the separating valve 6 1n
order to open the connection to the pump 16 and actuates the
pump 16 1n order to generate hydraulic pressure. In the ore-
ferred embodiment, the detection unit 54 1s configured to
monitor accelerator pedal 60 movement and determine the
braking request of the driver or a suspected braking request of
the driver on the basis of such accelerator pedal 60 movement,
for example, the accelerator pedal travel, accelerator pedal
return speed, and/or accelerator pedal return acceleration
betore the braking operation.

The brake system operates as follows:

When the driver’s request detection unit 54 detects the
driver’s braking request, then the evaluating unit 53 will
actuate the pump 16 and open the separating valve 6, whereby
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low pressure 1s built up that 1s suificient to overcome the
clearances and apply the brake linings of the wheel brake 10,
11. When the driver increases the brake fluid pressure in the
system by way of the actuating unit 1 with the vacuum brake
force booster 2, the pump 1s actuated for the purpose of
additional pressure increase 1n the wheel brakes by means of
the electronic control unit 52, as the case may be, only when
a point of maximum boosting of the vacuum brake booster 2
1s reached or exceeded. Thus, the pump fulfils the function of
an additional, active hydraulic brake force boosting. When
the brake pressure introduced into the system and the wheel
brakes reaches or exceeds a value and when the wheels are
transierred 1nto brake slip, then ABS control will be 1nitiated
by the electronic control unit 52 in response to the signals of
the wheel speed sensors 50, 51, and the inlet and outlet valves
12,14, 17, 19 are actuated correspondingly.

The mvention claimed 1s:

1. A method of controlling a hydraulic vehicle brake sys-
tem with active hydraulic brake force boosting, wherein brake
pressure 1s introduced into a master brake cylinder by means
of an actuating device and the introduced pressure 1s boosted
by means of an active hydraulic pressure increasing unit,
comprising;

monitoring movement of an accelerator pedal;

detecting a braking request or a suspected braking request

based on accelerator pedal movement,
opening or maintaining open a separating valve arranged in
a line mterconnecting the master brake cylinder and the
hydraulic pressure increasing umt and actuating the
pressure increasing unit in response to the detection of a
braking request or a suspected braking request;

monitoring a brake pedal to detect imtiation of a braking
operation; and

maintaiming the separating valve open until 1t 1s detected

that a braking operation has been 1nitiated.

2. Method as claimed 1n claim 1, wherein a braking request
or a suspected braking request 1s detected based on accelera-
tor pedal travel, accelerator pedal return speed, or accelerator
pedal return acceleration before the braking operation.

3. Method as claimed 1n claim 1, wherein after the actua-
tion of the pressure increasing unit, dynamic pressure 1s pro-
duced upstream of the separating valve and at least clearances
in the system are overcome and brake linings are applied to
brake drums or brake discs, respectively.

4. Method as claimed 1n claim 1, wherein initiation of a
braking operation 1s detected when the brake pedal 1s moved
in the actuating direction a defined distance from an 1nitial
position or a defined force 1s applied to the brake pedal.

5. Method as claimed 1n claim 1, wherein the separating
valve remains open for a predetermined time period after 1t 1s
detected that a braking operation has been 1mitiated.
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6. Method as claimed 1n claim 1, wherein the separating
valve 1s a hydraulic valve.

7. Method of controlling a hydraulic vehicle brake system
with active hydraulic brake force boosting, wherein brake
pressure 1s introduced 1into a master brake cylinder by means
of an actuating device and the introduced pressure 1s boosted
by means of an active hydraulic pressure increasing unit,
comprising:

monitoring movement of an accelerator pedal;

detecting a braking request or a suspected braking request

based on accelerator pedal movement,

opening or maintaining open a separating valve arranged 1in

a line 1interconnecting the master brake cylinder and the

hydraulic pressure increasing unit and actuating the

pressure imcreasing unit in response to the detection of a

braking request or a suspected braking request;
monitoring a brake pedal, and

wherein a duration 1n which the separating valve 1s main-
tained opened 1s variably adjusted 1n accordance with a
detected brake pedal travel, a detected brake pedal
speed, a detected brake pedal acceleration, or a pressure
gradient at the master cylinder.

8. A hydraulic brake system for vehicles comprising:

a master brake cylinder operable by means of an actuating,
device;

at least one pump whose pressure can be applied to at least
one wheel brake of the vehicle for the purpose of gen-
eration of hydraulic brake force boosting, the pump 1s
connected to the master brake cylinder by way of a first
hydraulic conduit;

a separating valve positioned along the first hydraulic con-
duait;

a detection unit configured to detect a braking request or a
suspected braking request; and

an evaluating unit configured to actuate the separating
valve to an open position and actuate the pump to gen-
erate hydraulic pressure in response to the detection of a
braking request or a suspected braking request and to
further maintain the separating valve open until 1t 1s
detected that a braking operation has been 1nitiated.

9. The hydraulic brake system of claim 8, wherein the
detection unit detects a braking request or a suspected braking
request based on movement of an accelerator pedal.

10. The hydraulic brake system of claim 9, wherein the
detection unit detects a braking request or a suspected braking
request based on travel of the accelerator pedal, accelerator
pedal return speed, or accelerator pedal return acceleration
betore the braking operation.
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